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Lignin is a complex phenylpropanoid heteropolymer entangled around cellulose and 
hemicellulose fibre. It is recalcitrant towards degradation, thus pose a major problem in 
obtaining good quality fibre. Moreover, the conventional degradation methods 
(chemically and mechanically) consume vast amount of chemicals and energy which 
have deleterious effects to the environment. The aim of this research is to identify an 
alternative process for lignin removal by employing ligninase produced by lignin-
depolymerising bacteria isolated within the gut of wood feeding insect, Rynchophorus 
ferrugineus. In this study, four bacterial species capable of depolymerising lignin were 
isolated, identified and characterised as Klebsiella pneumoniae, Pseudomonas 
citronellolis, Enterobacter oryzae, and Serratia mercescens. The production of ligninase 
enzymes (lignin peroxidase, manganese peroxidase and laccase) in all species were 
optimised using response surface methodology (RSM). The results revealed maximal 
production of ligninase is achieved at optimal pH of 5 to 6 and optimal temperature of 
40 °C after 7 days of incubation. The ability of each specie to remove lignin in 
agrowastes (cogon grass (CG) and oil palm leaves (OPL)) was validated through UV-
Vis spectrophotometer, FTIR and SEM analyses. The results showed that the gut 
microbes were solely able to degrade lignin with 30 to 60% in OPL and CG 
respectively, in which the highest delignification is obtained by the combination of all 
species. Furthermore, traces of small molecular weight compounds generated after the 
enzymatic breakdowns were identified through HPLC and GC-MS analysis as part of 
the complementary study. Through the identification of metabolites produced, the 
conversion pathways of lignin polymer to various aromatic and non-aromatic 
compounds during the breakdown were also proposed. The findings of this research can 
be made applicable to the pulp and paper industries thus encouraging the use of green 
and sustainable technology. The identification of breakdown metabolites could be 




















Lignin adalah heteropolimer phenylpropanoid yang kompleks tersusun sekitar selulosa 
dan hemiselulosa. Lignin mempunyai daya tahan tinggi terhadap degradasi seterusnya 
menghalang proses penghasilan serat yang berkualiti. Selain itu, kaedah konvensional 
(kimia dan mekanikal) untuk memisahkan serat dari sebatian lignin menggunakan 
sejumlah besar bahan kimia dan tenaga serta memberi impak negatif terhadap alam 
sekitar. Tujuan penyelidikan ini dilakukan adalah untuk mengenalpasti proses alternatif 
bagi penyingkiran lignin dengan menggunakan enzim (ligninase) yang dihasilkan oleh 
bakteria yang terdapat di dalam usus Rynchophorus ferrugineus. Hasil kajian 
menunjukkan terdapat empat spesies bakteria yang mampu mengurai lignin yang 
dikenali sebagai Klebsiella pneumoniae, Pseudomonas citronellolis, Enterobacter 
oryzae, dan Serratia mercescens. Penghasilan enzim ligninase (peroksida dan laccase) 
oleh semua spesis telah di optimumkan menggunakan response surface methodology 
(RSM). Penghasilan maksima bagi enzim ligninase dicapai pada pH optimum iaitu 5 
hingga 6 dan suhu optima 40 °C selepas 7 hari inkubasi. Keupayaan setiap spesies untuk 
menyingkirkan lignin dalam bahan sisa agro (cogon grass (CG) dan daun kelapa sawit 
(OPL)) telah disahkan melalui analisis spektrofotometer UV-Vis, analisis FTIR dan 
SEM. Hasilnya,  mikrob usus dapat menyingkirkan lignin dalam 30 hingga 60% dalam 
OPL dan CG, dengan peratusan tertinggi diperolehi oleh gabungan spesies. Tambahan 
lagi, kompaun molekul kecil yang dihasilkan selepas rawatan enzimatik dikenal pasti 
melalui analisis HPLC dan GC-MS sebagai sebahagian daripada kajian pelengkap. 
Melalui produk metabolit yang terhasil, laluan penukaran polimer lignin kepada sebatian 
aromatik dan bukan aromatik semasa proses penguraian dikenalpasti. Penemuan 
penyelidikan ini boleh digunakan untuk industri pulpa dan kertas serta menggalakkan 
penggunaan teknologi hijau dan lestari. Selain itu, produk metabolit boleh dieksploitasi 























TITLE                      i 






LIST OF TABLES xv 
LIST OF FIGURES xviii 
LIST OF SYMBOLS AND ABBREVIATIONS xxvi 
LIST OF APPENDICES xxviii 
 
CHAPTER 1: INTRODUCTION  
1.1 Introduction             1 
1.2 Background of the study           1 
1.3 Problem statements            3 
1.4 Aim and objectives            4 
1.5 Research Scope            5 
1.6 Significance of research           6 
1.7 Thesis organization            6 
 
CHAPTER 2: LITERATURE REVIEW  
2.1 Introduction             8 














2.2.1 Addressing lignin challenges in pulp and paper-based 
industry 11 
2.2.2 Improving lignin removal via enzymatic process 14 
2.3 Organisms with lignin degrading capacity         16 
2.3.1 Mechanism of lignin degradation by ligninase: Fungi 
versus bacteria 17 
2.3.2 Potential of R. ferrugineus‟s gut consortium for lignin 
biodegradation 20 
2.3.3 A study on potential lignin-depolymerising enzymes by 
bacteria            23 
2.4 Classes of lignin degradation enzymes: Peroxidase and          
Laccase             26 
2.4.1 Peroxidases 27 
2.4.1.1 Lignin Peroxidase (LiP)         27 
2.4.1.2 Manganese Peroxidase (MnP)        29 
2.4.1.3 Versatile Peroxidase (VP)         30 
2.4.1.4 Dye Decolorizing Peroxidase (DyP-type)       31 
2.4.2 Laccases (Lac) 31 
2.5 Production of ligninase by microorganisms         32 
2.5.1 Limitation of ligninase production by fungi 33 
2.5.2 Advantage of ligninase production by bacteria 33 
2.5.3 Physiochemical parameter and its influence on ligninase 
production 34 
2.5.3.1 Type of species          35 
2.5.3.2 pH            37 
2.5.3.3 Temperature           39 
2.5.3.4 Incubation time          40 
2.5.3.5 Agitation speed          40 
2.6 Application of ligninase on different range agrowaste  














2.6.1 Cogon grass as an alternative fibre for pulp and paper 
industry 41 
2.6.2 Oil palm leaf as an alternative fibre for pulp and paper 
industry 44 
2.7 Enhancing lignin biodegradation products from waste to  
  wealth              45 
2.7.1 Approaches to study lignin degradation bioproducts in 
lignocellulosic biomass hydrolysates 47 
2.8 Summary             50 
 
CHAPTER 3: METHODOLOGY  
3.1  Introduction             51 
3.2 Study design and areas           51 
3.3 Chemical reagents and equipment          53 
3.4  Isolation, selection and identification of gut microbes from  
  R. ferrugineus             55 
3.4.1 Samples collections and preparation 55 
3.4.2 Isolation of lignin-degradation bacteria from the guts of R. 
ferrugineus 55 
3.4.3 Lignin degrading bacterial species identification and 
characterisation 56 
3.4.3.1 Bacterial morphology via gram staining       56 
3.4.3.2 Microbial genomics DNA extraction        57 
3.4.3.3 Amplification and sequencing of 16S rRNA       58 
3.4.3.4 Sequence analysis and phylogenetic affiliation    58 
3.5 Optimisation of ligninase production via response surface 
methodology             59 
3.5.1 Inoculum preparation 60 
3.5.2 RSM design for optimisation 60 
3.5.3 Physiochemical parameters 62 














3.5.3.2 Effect of cultivation pH         62 
3.5.3.3 Effect of incubation temperature        62 
3.5.3.4 Effect of incubation time         63 
3.5.4 Submerged fermentation (SmF) 63 
3.5.5 Crude enzymes extraction 63 
3.5.6 Quantification of enzyme production based on enzyme 
activity assay 64 
3.5.6.1 Lignin peroxidase activity assay        65 
3.5.6.2 Manganese peroxidase activity assay        65 
3.5.6.3 Laccase activity assay          66 
   3.5.7 Statistical analysis           66 
3.6 Biodelignification efficiency of ligninase on agrowastes       66 
3.6.1 Agrowaste samples preparation 67 
3.6.2 Lignin degradation by selected bacterial species 68 
3.6.2.1 Inoculum preparation          68 
3.6.2.2 Submerged fermentation (SmF)        68 
3.6.3 Biodelignification capacity on different substrate 69 
3.6.3.1 Determination of lignin content        69 
3.6.3.2 FTIR analysis for phenolic content        69 
3.6.3.3 Scanning Electron Microscopy (SEM) for 
morphological analysis         70 
3.6.3.4 Thermogravimetric for thermal analysis       70 
3.7 Evaluation on post-fermentation lignin biodegradation  
products             70 
3.7.1 Phenolic and aromatic compounds extraction 71 
3.7.2 Separation and characterization of phenolic compound 
using high pressure liquid chromatography (HPLC) 
analysis 72 
3.7.2.1 Samples preparation          72 














3.7.3 Compound identification with gas chromatography – mass 
spectrometry (GC-MS) analysis 72 
3.7.3.1 Derivatization samples         72 
3.7.3.2 GC-MS Analysis          73 
3.8 Summary             73 
 
CHAPTER 4: RESULTS AND DISCUSSIONS  
4.1 Introduction             75 
4.2 Isolation, selection and identification of gut microbes from R. 
ferrugineus             75 
4.2.1  Selection and isolation of lignin-degradation bacteria 
within the gut of R. ferrugineus 76 
4.2.2  Lignin-degradation bacterial species identification and 
characterization    78 
4.2.3  Phylogenetic analysis and related species 83 
    4.2.3.1 Identified species1: K. pneumoniae        86 
    4.2.3.2 Identified species 2: E. oryzae        86 
    4.2.3.3 Identified species 3: S. mercescens        87 
    4.2.3.4 Identified species 4: P. citronellolis        87 
4.3 Optimisation of ligninase production via response surface 
methodology (RSM)            89 
4.3.1 Quantification of enzyme production based on the enzyme 
activity assay and the influence of physiochemical 
parameters on its production. 89 
4.3.1.1 Enzyme activity assay for lignin peroxidase       89 
4.3.1.2 Enzyme activity assay for manganese   
peroxidase           92 
4.3.1.3 Enzyme activity assay for laccase        95 
4.3.2 Optimisation of physiochemical parameters for peroxidase 
and laccase production in individual species through  














4.3.3 Evaluation on culture conditions affecting ligninase 
production by the four selected species      106 
4.3.4 Individual species performance in Peroxidase and  
Laccase          108 
4.4 Biodelignification efficiency of ligninase on cogon grass and oil 
palm leaves           108 
4.4.1 Exploring the microbiota dynamics related to agrowaste 
biomasses degradation 109 
4.4.2 Influence of different substrate on its bio-delignification 
capacity 117 
4.4.3 Lignin monomer production during biomass degradation 
by enzymatic treatment 120 
4.4.4 Pyrolysis characteristics of enzymatic hydrolysis residue 
of CG and OPL treated with mix species 125 
4.5 Evaluation on post-fermentation lignin biodegradation  
  products           128 
4.5.1 HPLC analysis of lignin degradation products 128 
4.5.2 Compound identification with gas chromatography - mass 
spectrometry (GC-MS) analysis 133 
4.5.3 Possible mechanism in lignin degradation reactions and 
lignin-derived compounds        141 
 4.5.3.1 Breakdown of β-aryl ether bond via  
β-oxidation         142 
    4.5.3.2 β-ketoadipate pathway       144 
4.5.4 Lignin recovery: A potential value added lignin-derived 
compounds          148 
4.6 Summary           149 
 
CHAPTER 5: CONCLUSION AND FUTURE PROSPECT  
5.1 Introduction           150 














5.3 Contribution of research         152 




























TABLE  PAGE 
2.1 Average energy used by different types of pulping processes  
Report for U.S Pulp and Paper Industry (2005) 
11 
2.2 Summary of environmental aspect of pulping processes  
Report for U.S Pulp and Paper Industry (2005) 
12 
2.3 Summary and comparison of three different types of pulping;             
i) Mechanical Pulping ii) Chemical Pulping and iii) Enzymatic 
pulping 
15
2.4 List of organisms that have the ability to degrade lignin and their 
related enzymes. Three groups of organisms that are known to 
involve in lignin degradation; i) fungi ii) soil bacteria and iii) 
bacterial insects‟ gut 
17 
2.5 List of plant species invaded by R. ferrugineus 21 
2.6 Summary on the isolated bacteria with lignin degrading ability 
based on literatures 
26 
2.7 Total number of laccases enzymes that have been identified and 
characterized in fungi and insects  
32 
2.8 Previous studies of different lignin degrading organisms using 
various types of agro waste as a substrate 
43 
2.9 Chemical properties of cogon grass and oil palm leaf 43 
2.10 Analysis method used for identification and characterization of 

















TABLE  PAGE 
3.1 List of chemical reagents and equipment used in the experiments 53 
3.2 Summary of general design on parameters settings for peroxidases 
and laccase production in each individual species 
60 
3.3 Response design in RSM 60 
3.4 Suggested conditions by RSM Box-Behnken design in the 
optimization process of all isolates for response modelling. Total of 
seventeen runs in each individual species 
61 
4.1 Detail on dissected R. ferrugineus larvae 76 
4.2 BLAST identification of native bacteria with lignin degrading ability 
isolated from R. ferrugineus’s gut 
80 
4.3 Morphology of lignin-degrading species 85 
4.4 List of the same bacterial species isolated from different source 88 
4.5 Response for the production of lignin peroxidases using Box-
Behnken design in all isolates 
91 
4.6 Significant interaction between parameters and LiP production based 
on the p-value in ANOVA analysis 
91 
4.7 Response for the production of manganese peroxidases using Box-
Behnken design in all isolates 
94 
4.8 Significant interaction between parameters and MnP production 
based on the p-value in ANOVA analysis 
94 
4.9 Response for the production of laccase using Box-Behnken design in 
all isolates 
96 
4.10 Significant interaction between parametrs and laccase production 
based on the p-value in ANOVA analysis 
97 
4.11 Constraints setting to determine optimum culture condition in LiP, 
MnP and laccase production by all the isolates 
100 
4.12 Comparison between the predicted response from the model and the 
actual response from the experiment 
105 
4.13 Comparison of LiP, MnP and Laccase production from fungi and 



















TABLE  PAGE 
4.14 Comparison of the optimal conditions for ligninase production in 
fungi and other bacterial species from other studies 
107 
4.15 Comparison of delignification effieciency in biopulping (fungi and 
bacteria) and chemical pulping 
116 
4.16 List of FTIR peak absorbance and its corresponded component from 
cogon grass and oil palm leave. These samples were obtained from 
liquid residual of enzymatic treatment 
122 
4.17 List of FTIR peak absorbance and its corresponded component from 
cogon grass and oil palm leave. These samples were obtained from 
treated fiber after enzymatic treatment 
123 
4.18 Comparative analysis of TGA results on weight loss of oil palm 
leaves and cogon grass at different temperature before and after 
enzymatic treatment 
128 
4.19(a) List of the identified compound presence in liquid residual of cogon 
grass after 3 days of enzymatic treatment 
135 
4.19(b) List of the identified compound presence in liquid residual of cogon 
grass after 5 days of enzymatic treatment 
135 
4.20(a) List of the identified compound presence in liquid residual of 
enzymatic treatment of oil palm leaf after day 3 
137 
4.20(b) List of the identified compound presence in liquid residual of 
enzymatic treatment of oil palm leaf after day 5 
137 
4.21 Chemical structure of compounds identified from GC-MS analysis 138 

























Figure  Page 
1.1 Research scopes that involved in this field of study 5 
2.1 Illustration of lignin, cellulose and hemicellulose arrangement 
within the plant vessel tissue 
9 
2.2 Chemical structure of three common lignin monomers and 
common lignin binding motifs that built lignin heteroplymers 
in plant 
10 
2.3 Process flow diagram in pulp and paper industry. The figure 
also describes waste generate during pulping and bleaching 
13 
2.4 Lignin biodegradation reactions by termites. This lignin 
degradation was demonstrated using tetramethylammonium- 
hydroxide thermochemolysis (TMAH). Their reactions occur; 
Reaction 1: propyl side-chain oxidation/cleavage, Reaction 2: 
ring hydroxylation, and Reaction 3: demethylation 
19 
2.5 Life cycles of R. ferrugineus adapted and edited from 
Agricultural Research Institute of Cyprus 
21 
2.6 Abundance of species distribution at the genus level isolated 




















Figure  Page 
2.7 Three-dimensional structure of lignin-degrading enzymes 
enzymes retrieved from protein databank PDB. From the left 
(a) Lignin peroxidase (LiP) from P. chrysosporium; ID: 1LGA 
(b) Manganese peroxidase (MnP) from P. chrysosporium; ID: 
1MNP (c) Versatile peroxidase from P. eryngii; ID: 3FM4, (d) 
Dye-decolorizing type peroxidase (Dyp) from R. jostii; ID: 
3VEC, (e) Laccase from T. versicolor; PDB ID: 3ZDW  
29 
2.8 Mechanism of lignin (model compound) degradation by lignin 
peroxidase (LiP) 
29 
2.9 Mechanism of lignin degradation by manganese peroxidase 
(MnP) 
30 
2.10 Mechanism of lignin degradation by laccase 32 
2.11 Alimentary canal of R. ferrugineus (Coleoptera: Curculio-
nidae). The gut consists of a very short foregut, a massive 
midgut and a long hindgut 
36 
2.12 Cogon grass (Imperata cylindrica) (a) Cogon grass dominated 
in land areas (b) Close-up of cogon grass display the rough and 
sharpness of cogon grass that unsuitable for grazing animals 
42 
2.13 Waste from oil palm plantation and its possible products 44 
2.14 Oil palm (Elaeis guineensis) (a) Oil palm tree in oil palm 
plantation area (b) Oil palm leaves in one single midrib 
45 
3.1 Overall experimental flow for this research 52 
3.2 Experimental work flow to achieve first objective 57 
3.3 Experimental work flow to achieve the second and third 
objective 
59 

















Figure  Page 
3.5 Samples preparation before biological treatment for lignin 
removal. From the figures, (a) fresh cogon grass and (b) cut 
and dried cogon grass where (c) fresh oil palm leaves and (d) 
cut and dried oil palm leaves 
68 
3.6 Experimental work flow to achieve fifth objective 71 
4.1 (a) R. ferrugineus larvae, (b) dissected R. ferrugineus larvae 
and (c) comparison between the isolated gut (below) and the 
schematic diagram of R. ferrugineus larvae gut(upper) 
77 
4.2 Selection process of lignin-degrading bacteria using lignin as a 
sole carbon source. Bacteria were plated on MSM-lignin agar 
for continuous selection for colonies with lignin degrading 
ability for 14 days of incubation 
78 
4.3 Agarose gel electrophoresis of PCR products. The 16s rRNA 
gene were amplified using 27F/1492R primers pair. From the 
left are the negative control, positive control, fifteen selected 
colonies and DNA marker. The estimated band sizes for the 
amplified region were around ~1500bp to 2000bp 
79 
4.4(a) BLAST against NCBI database for K. pneumonia 81 
4.4(b) BLAST against NCBI database for E. oryzae 81 
4.4(c) BLAST against NCBI database for S. mercescens 82 
4.4(d) BLAST against NCBI database for P. citronellolis 82 
4.5 Gram staining results of four isolated species with 400 x 
magnification. 
83 
4.6 Phylogenetic tree of the identified species. From the above, (a) 
phylogenetic tree for K. pneumoniae, (b) phylogenetic tree for 
E. oryzae, (c) phylogenetic tree for S. mercescens and (d) 
phylogenetic tree for P. citronellolis. The phylogenetic tree 

















Figure  Page 
4.7 Mechanism of lignin peroxidase activity on methylene blue 90 
4.8 Enzyme activity assay for LiP. Readings were taken using UV-
vis spectrophotometer at 650 nm. The decolourization of 
methylene blue was proportionally increased with the LiP 
activity. From the left was the blank, followed by control 
(LiP(-)), and LiP (+) indicates the presence of LiP enzyme 
produced by the isolated bacteria during fermentation 
90 
4.9 Mechanism of manganese peroxidase on phenol red 93 
4.10 Enzyme activity assay for MnP. Readings were taken using 
UV-vis spectrophotometer at 610 nm. The red colour is 
proportionally increased with the MnP activity. From the right 
was the blank, followed by the control (MnP (-)) and MnP (+) 
indicates the presence of MnP enzymes produced by the 
isolated bacteria 
93 
4.11 Mechanism of laccase on ABTS 96 
4.12 Enzyme activity assay for laccase. Readings were taken using 
UV-vis spectrophotometer at 420 nm. The darker colour is 
proportionally increased with the laccase activity 
96 
4.13 K. pneumoniae surface response at optimised conditions. From 
left (a) represent the response curve for desirability conditions 
for maximal production of LiP, MnP and laccase. Under 
optimal conditions (pH 5.0, 40 °C and 7 days incubation; 
desirability value 0.990), (b) is the response curve for LiP 
production, (c) is the response curve for MnP production and 
(d) is the response curve for laccase production. Colours of 
blue, green and red represent the enzymes production at low, 

















Figure  Page 
4.14 P. citronellolis surface response at optimised conditions. From 
left (a) represent the response curve for desirability conditions 
for maximal production of LiP, MnP and laccase. Under 
optimal conditions (pH 6.5, 40 °C and 7 days incubation; 
desirability value 0.940), (b) is the response curve for LiP 
production, (c) is the response curve for MnP production and 
(d) is the response curve for laccase production. Colours of 
blue, green and red represent the enzymes production at low, 
intermediate and high production respectively 
102 
4.15 E. oryzae surface response at optimised conditions. From left 
(a) represent the response curve for desirability conditions for 
maximal production of LiP, MnP and laccase. Under optimal 
conditions (pH 5.0, 38 °C and 7 days incubation; desirability 
value 0.933), (b) is the response curve for LiP production, (c) 
is the response curve for MnP production and (d) is the 
response curve for laccase production. Colours of blue, green 
and red represent the enzymes production at low, intermediate 
and high production respectively 
103 
4.16 S. mercescens surface response at optimised conditions. From 
left (a) represent the response curve for desirability conditions 
for maximal production of LiP, MnP and laccase. Under 
optimal conditions (pH 6.11, 40 °C and 7 days incubation; 
desirability value 0.902), (b) is the response curve for LiP 
production, (c) is the response curve for MnP production and 
(d) is the response curve for laccase production. Colours of 
blue, green and red represent the enzymes production at low, 

















Figure  Page 
4.17 Bio-delignification of (a) cogon grass by all four species. 
Individual specie capacity to degrade lignin presented in main 
effect plots (b) performance in cogon grass (* indicate p-value 
<0.05 and was significant compared to other individual 
species) 
112 
4.18 Bio-delignification of (a) oil palm leaves by all four species. 
Individual specie capacity to degrade lignin in selected 
biomasses presented in main effect plots (b) performance in oil 
palm leaves (* indicate p-value <0.05 and was significant 
compared to other individual species) 
113 
4.19 Comparison between individual species against mixed culture. 
Bio-delignification in cogon grass (a) by all four species with 
an addition of mixed species (d) performance of all species in 
cogon grass (**,* indicate p-value < 0.05 and was significant 
compared to mixed cultured species) 
114 
4.20 Comparison between individual species against mixed culture. 
Bio-delignification in cogon grass (a) by all four species with 
an addition of mixed species (d) performance of all species in 
cogon grass. (**,* indicate p-value < 0.05 and was significant 
compared to mixed cultured species) 
115 
4.21 SEM analysis on ground sample of native cogon grass (left) 
and ground sample of cogon grass after enzymatic treatment 
(right) 
118 
4.22 SEM analysis on the surface structure of unground sample of 
native cogon grass (left) and surface structure of unground 
sample of cogon grass after enzymatic treatment (right) 
118 
4.23 SEM analysis on ground sample of native oil palm leaf (left) 

















Figure  Page 
4.24 SEM analysis on the surface structure of unground sample of 
native oil palm leaf (left) and surface structure of unground 
sample of oil palm leaf after enzymatic treatment (right) 
119 
4.25(a) FTIR analysis on liquid residual of enzymatic treatment on 
cogon grass 
121 
4.25(b) FTIR analysis on liquid residual of enzymatic treatment on oil 
palm leaf 
121 
4.26 Comparison of FTIR analysis on treated fiber of enzymatic 
treatment on both cogon grass and oil palm leave 
123 
4.27 TGA curves analysis of cogon grass at different temperature 
native sample (control) and sample after enzymatic treatment 
127 
4.28 TGA curves analysis of oil palm leaf at different temperature 
native sample (control) and sample after enzymatic treatment 
127 
4.29 HPLC analysis on the liquid residual of enzymatic treatment of 
cogon grass. Based on the graph above, (a) is the control (day 
0), (b) is the analysis on liquid residual after 3 days of 
treatment and (c) is the analysis on liquid residual after 5 days 
of treatment 
131 
4.30 HPLC analysis on the liquid residual of enzymatic treatment 
on oil palm leaves. Based on the graph above, (a) is the control 
(day 0), (b) is the analysis on liquid residual after 3 days of 
treatment and (c) is the analysis on liquid residual after 5 days 
of treatment 
132 
4.31 GC chromatograms from the analysis of liquid residual after 
enzymatic treatment on cogon grass. (a) Control (day 0), (b) 
residual collected after 3 days of treatment, and (c) residual 

















Figure  Page 
4.32 GC chromatograms from the analysis of liquid residual after 
enzymatic treatment on oil palm leaves. (a) Control (day 0), (b) 
residual collected after 3 days of treatment, and (c) residual 
collected after 5 days of treatment 
136 
4.33 Illustration of p-Coumaric acid degradation via β- oxidation 
pathway (proposed pathway 1) 
143 
4.34 Illustration of syringic acid degradation via β- oxidation 
pathway (proposed pathway 2) 
143 
4.35 Illustration of aromatic ring cleavage via β- ketoadipate 
pathway (proposed pathway 3) 
144 
4.36 Illustration of aromatic ring cleavage via β- ketoadipate 
pathway (proposed pathway 4) 
145 
4.37 Proposed schematic diagram for lignin catabolism in p-
coumaric acid and syringic acid through β-oxidation pathway 
by consortium 
146 
4.38 Metabolic pathways in microbes for aromatic ring cleavage via 
β-ketoadipate pathway and the synthesis of fatty acid 
component 
147 
5.1 Illustration on implementation of green processing using 































3D   - Three dimensional 
ABTS   - 2,2′-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 
BLAST  - Basic Local Alignment Search Tool  
BSA   - Bovine serum albumin 
COMT   - Caffeic acid 3-O-methyltransferase 
C=C   - Carbon to carbon bonding 
C=O   - Ether bond 
Ca
2+
   - Calcium ion 
Ca(OH)2  - Calcium hydroxide 
CaCl   - Calcium chloride 
ddH2O   - Distilled water 
DNA   - Deoxyribonucleic acid 
DyPs   - Dye-decolorizing peroxidase 
EPA   - Environmental protection agency 
FTIR   - Fourier-transform infrared spectroscopy  
GC-MS  - Gas chromatography – mass spectrometry 
GHG   - Greenhouse gasses emission 
HAP   - Hazardous air pollutants (HAP) 
H2O2   - Hydrogen peroxidase 
HPLC   - High pressure liquid chromatography 
H2SO4   - Sulphuric acid 
KHPO4.7H2O  - Potassium hydrophosphate heptahydrate 
IPCC   - Intergovernmental Panel on Climate Change 
Lac   - Laccases 





















 Abd-Elsalam, H, E, and El-Hanafy, A, A, (2009). Lignin Biodegradation with 
Ligninolytic Bacterial Strain and Comparison of Bacillus subtilis and Bacillus 
sp. isolated from Egyptian Soil and Environmental Science, 5(1), 39–44. 
Abdel-Hamid, A. M., Solbiati, J. O., and Cann, I. K. O. (2013). Insights into lignin 
degradation and its potential industrial applications. Advances in Applied 
Microbiology, 82, 1–28.  
Abdelaziz, O. Y., Brink, D. P., Prothmann, J., Ravi, K., Sun, M., García-Hidalgo, J., 
Sandahl, M., Hulteberg, C. P., Turner, C., Lidén, G., and Gorwa-Grauslund, M. 
F. (2016). Biological valorization of low molecular weight lignin. 
Biotechnology Advances, 34(8), 1318–1346. 
Achour, S., Khelifi, E., Ayed, L., and Helal, A. N. (2013). Desalination and Water 
Treatment Response surface methodology for textile wastewater 
decolourization and biodegradation by a novel mixed bacterial consortium 
developed via mixture design. Desalination and Water Treatment, (June), 37–
41.  
Adrio, J. L., and Demain, A. L. (2014). Microbial enzymes: tools for biotechnological 
processes. Biomolecules, 4(1), 117–139.  
Ahmad, M., Roberts, J. N., Hardiman, E. M., Singh, R., Eltis, L. D., and Bugg, T. D. H. 
(2011). Identification of DypB from Rhodococcus jostii RHA1 as a lignin 
peroxidase. Biochemistry, 50(23), 5096–107.  
Alarcon, F. J., Martınez, T. F., Barranco, P., Cabello, T., Diaz, M., and Moyano, F. 
(2015). Digestive proteases during development of larvae of red palm weevil, 
Rhynchophorus ferrugineus (Coleoptera: Curculionidae). Insect Biochemistry 
and Molecular Biology, 32(June), 265–274.  
Antonenko, T. A., Shpakovsky, D. B., Gracheva, Y. A., Balashova, T. V., Pushkarev, A. 














2,6-di-tert-butylphenol moiety: Synthesis, luminescent and antioxidant 
properties. Inorganica Chimica Acta, 455, 276–282.  
Aranda, E. (2016). Promising approaches towards biotransformation of polycyclic 
aromatic hydrocarbons with Ascomycota fungi. Current Opinion in 
Biotechnology, 38, 1–8.  
Arora, D. S., Chander, M., and Gill, P. K. (2002). Involvement of lignin peroxidase, 
manganese peroxidase and laccase in degradation and selective ligninolysis of 
wheat straw. International Biodeterioration and Biodegradation, 50(2), 115–
120.  
Asadi, N., and Zilouei, H. (2017). Optimization of organosolv pretreatment of rice straw 
for enhanced biohydrogen production using Enterobacter aerogenes. 
Bioresource Technology, 227, 335–344.  
Asgher, M., Asad, M. J., and Legge, R. L. (2006). Enhanced lignin peroxidase synthesis 
by Phanerochaete Chrysosporium in solid state bioprocessing of a 
lignocellulosic substrate. World Journal of Microbiology and Biotechnology, 
22(5), 449–453.  
Asgher, M., Sheikh, M. A., and Nawaz, H. (2013). Optimization of Ligninolytic 
Enzymes Production through Response Surface Methodology. Bioresources, 8, 
944–968. 
Avanthi, A., and Banerjee, R. (2016). A strategic laccase mediated lignin degradation of 
lignocellulosic feedstocks for ethanol production. Industrial Crops and 
Products, 92, 174–185.  
Ayed, L., Khelifi, E., Jannet, H. Ben, Miladi, H., Cheref, A., Achour, S., and Bakhrouf, 
A. (2010). Response surface methodology for decolorization of azo dye Methyl 
Orange by bacterial consortium: Produced enzymes and metabolites 
characterization. Journal of  Chemical Engineering, 165(1), 200–208.  
Babič, J., Likozar, B., and Pavko, A. (2012). Optimization of Ligninolytic Enzyme 
Activity and Production Rate with Ceriporiopsis subvermispora for Application 
in Bioremediation by Varying Submerged Media Composition and Growth 















B-Fisher, A., and S Fong, S. (2014). Lignin biodegradation and industrial implications. 
AIMS Environmental Science, 1(2), 92–112.  
Bahar, K. I., Cetecioglu, Z., and Ince, O. (2011). Environmental Management in 
Practice. InTech. https://doi.org/10.5772/738 viewed on 25th May 2017. 
Bajpai, P. (2009). Encyclopedia of Industrial Biotechnology: Pulp and Paper 
Bioprocessing. Hoboken, NJ, USA: John Wiley and Sons, Inc. 
Bakar, E. S., Hao, J., Ashaari, Z., and Choo Cheng Yong, A. (2013). Durability of 
phenolic-resin-treated oil palm wood against subterranean termites a white-rot 
fungus. International Biodeterioration and Biodegradation, 85, 126–130.  
Balasundram, N., Sundram, K., and Samman, S. (2006). Phenolic compounds in plants 
and agri-industrial by-products: Antioxidant activity, occurrence, and potential 
uses. Food Chemistry, 99(1), 191–203.  
Baltierra-Trejo, E., Sanchez-Yanez,  juan manuel, Buenrostro-Delgado, O., and 
Marquez-Benavides, L. (2015). Production of short-chain fatty acids from the 
biodegradation of wheat straw lignin by Aspergillus fumigatus. Bioresource 
Technology, 196, 418–425.  
Baltierra-Trejo, E., Sanchez, J. M., Buenrostro-Delgado, O., and Marquez-Benavides, L. 
(2015). Production of short-chain fatty acids from the biodegradation of wheat 
straw lignin by Aspergillus fumigatus. Bioresource Technology, 196(August 
2015), 418–425.  
Bandounas, L., Wierckx, N. J., de Winde, J. H., and Ruijssenaars, H. J. (2011). Isolation 
and characterization of novel bacterial strains exhibiting ligninolytic potential. 
BMC Biotechnology, 11(1), 94.  
Becker, J., Lange, A., Fabarius, J., and Wittmann, C. (2015). Top value platform 
chemicals: Bio-based production of organic acids. Current Opinion in 
Biotechnology, 36(Figure 1), 168–175.  
Beckham, G. T., Johnson, C. W., Karp, E. M., Salvachúa, D., and Vardon, D. R. (2016). 
Opportunities and challenges in biological lignin valorization. Current Opinion 
in Biotechnology, 42, 40–53.  
Bergottini, V. M., Filippidou, S., Junier, T., Johnson, S., Chain, P. S., Otegui, M. B., 














radicincitans Strain YD4, a Plant Growth-Promoting Rhizobacterium Isolated 
from Yerba Mate (Ilex paraguariensis St. Hill.). Genome Announcements, 3(2), 
6964.  
Bermek, H., Yazici, H., Ozturk, H., Tamerler, C., Jung, H., Li, K., Brown, K. M., Ding, 
H., and  Xu, F. (2004). Purification and characterization of manganese 
peroxidase from wood-degrading fungus Trichophyton rubrum LSK-27. 
Enzyme and Microbial Technology, 35(1), 87–92.  
Bhalla, A., Bansal, N., Kumar, S., Bischoff, K. M., and Sani, R. K. (2013). Improved 
lignocellulose conversion to biofuels with thermophilic bacteria and 
thermostable enzymes. Bioresource Technology, 128, 751–759.  
Bhattacharya, D., Sarma, P. M., Krishnan, S., Mishra, S., and Lal, B. (2003). Evaluation 
of Genetic Diversity among Pseudomonas citronellolis Strains Isolated from 
Oily Sludge-Contaminated Sites Evaluation of Genetic Diversity among 
Pseudomonas citronellolis Strains Isolated from Oily Sludge-Contaminated 
Sites. Applied and Environmental Microbiology, 69(3), 1435–1441.  
Bholay, D., Bhavna, B., Priyanka, J., Kaveri, P., Mayuri, D., and Nalawade, P. M. 
(2012). Bacterial Lignin Peroxidase : A Tool for Biobleaching and 
Biodegradation of Industrial Effluents. Universal Journal of Environmental 
Research and Technology, 2(1), 58–64. 
Brock, A. K., Berger, B., Mewis, I., and Ruppel, S. (2013). Impact of the PGPB 
Enterobacter radicincitans DSM 16656 on Growth, Glucosinolate Profile, and 
Immune Responses of Arabidopsis thaliana. Journal of Microbial Ecology, 
65(3), 661–670.  
Brown, M. E., and Chang, M. C. Y. (2014a). Exploring bacterial lignin degradation. 
Current Opinion in Chemical Biology, 19(1), 1–7.  
Brown, M. E., and Chang, M. C. Y. (2014b). Exploring bacterial lignin degradation. 
Current Opinion in Chemical Biology, 19(1), 1–7.  
Brune, A. (2014). Symbiotic digestion of lignocellulose in termite guts. Nature Reviews. 
Microbiology, 12(3), 168–80.  
Brune, A., Miambi, E., Breznak, J. A., Brune, A., and Miambi, E. (1995). Roles of 














Phenylpropanoids and Other Monoaromatic Compounds by Termites Roles of 
Oxygen and the Intestinal Microflora in the Metabolism of Lignin-Derived 
Phenylpropanoids and Other Molecules. Microbiology, 61(7), 2688–2695. 
Burns, R. G., DeForest, J. L., Marxsen, J., Sinsabaugh, R. L., Stromberger, M. E., 
Wallenstein, M. D., and Zoppini, A. (2013). Soil enzymes in a changing 
environment: Current knowledge and future directions. Soil Biology and 
Biochemistry, 58, 216–234.  
Butera, G., Ferraro, C., Colazza, S., Alonzo, G., and Quatrini, P. (2012). The culturable 
bacterial community of frass produced by larvae of Rhynchophorus ferrugineus 
Olivier (Coleoptera: Curculionidae) in the Canary island date palm. Letters in 
Applied Microbiology, 54(6), 530–6.  
Calderon Cortes, N., Quesada, M., Cano-Camacho, H., Zavala-Par, and Amo, G. (2010). 
A simple and rapid method for DNA isolation from xylophagous insects. 
International Journal of Molecular Sciences, 11(12), 5056–5064.  
Camarero, S., Ibarra, D., Martínez, A. T., Romero, J., Gutiérrez, A., and del Río, J. C. 
(2007). Paper pulp delignification using laccase and natural mediators. Enzyme 
and Microbial Technology, 40(5), 1264–1271.  
Carabajal, M., Levin, L., Albertó, E., and Lechner, B. (2012). Effect of co-cultivation of 
two Pleurotus species on lignocellulolytic enzyme production and mushroom 
fructification. International Biodeterioration and Biodegradation, 66(1), 71–
76.  
Chai, C. (2008). Production Of Lignin Peroxidase And Manganese Peroxidase By 
Phanerochaete Chrysosporium In A Submerged Culture Fermentation And 
Their Application, (January).  
Chen, Z., and Wan, C. (2017). Biological valorization strategies for converting lignin 
into fuels and chemicals. Renewable and Sustainable Energy Reviews, 
73(December 2016), 610–621.  
Christopher, L. P., Yao, B., and Ji, Y. (2014). Lignin Biodegradation with Laccase-
Mediator Systems. Frontiers in Energy Research, 2(March), 1–13.  
Constant, S., Wienk, H. L. J., Frissen, A. E., Peinder, P. de, Boelens, R., van Es, D. S., 














technical lignins: a comparative characterisation study. Green Chemistry, 
18(9), 2651–2665.  
D‟Antonio, C. M., and Meyerson, L. A. (2002). Exotic plant species as problems and 
solutions in ecological restoration: A Synthesis. Restoration Ecology, 10(4), 
703–713. 
Darvishzadeh, A., Bandani, A. R., Karimi, J., and Timouri, G. (2012). Biochemical 
characterisation of digestive α-amylase of Red Palm Weevil, Rhynchophorus 
ferrugineus (Olivier, 1790) (Coleoptera: Curculionidae). Archives Of 
Phytopathology And Plant Protection, 45(18), 2132–2142.  
Dawkar, V. V., Jadhav, U. U., Telke, A. A., and Govindwar, S. P. (2009). Peroxidase 
from Bacillus sp. VUS and its role in the decolorization of textile dyes. 
Biotechnology and Bioprocess Engineering, 14(3), 361–368.  
DeAngelis, K. M., Allgaier, M., Chavarria, Y., Fortney, J. L., Hugenholtz, P., Simmons, 
B., Subletter, K., Silver, W. L., and Hazen, T. C. (2011). Characterization of 
trapped lignin-degrading microbes in tropical forest soil. PLoS ONE, 6(4).  
DeAngelis, K. M., Sharma, D., Varney, R., Simmons, B., Isern, N. G., Markilllie, L. M., 
Nicora, C., Norbeck, D. A., Taylor, R. C., Aldrich, J. T., and Robinson, E. W. 
(2013). Evidence supporting dissimilatory and assimilatory lignin degradation 
in Enterobacter lignolyticus SCF1. Frontiers in Microbiology, 4(SEP), 1–14.  
Dębowska, R. M., Kaszuba, A., Michalak, I., Dzwiga owska, A., Cies ci ska, C., 
Jakimiuk, E., Zieli ska, J., and Kaszuba, A. (2015). Evaluation of the efficacy 
and tolerability of mandelic acid-containing cosmetic formulations for acne 
skin care. Przeglad Dermatology, 102(4), 316–321.  
Deuss, P. J., Scott, M., Tran, F., Westwood, N. J., Vries, J. G. De, and Barta, K. (2015). 
Aromatic monomers by in situ conversion of reactive intermediates in the acid-
catalyzed depolymerization of lignin. Journal of the American Chemical 
Society, 1 (2), 4-14. 
Djikanović, D., Devečerski, A., Steinbach, G., Simonović, J., Matović, B., Garab, G., 
Kalauzi, A., and Radotić, K. (2016). Comparison of macromolecular 














and FTIR spectroscopy, differential polarization laser scanning microscopy and 
X-ray diffraction. Wood Science and Technology, 50(3), 547–566.  
Doolittle, M., Raina, A., Lax, A., and Boopathy, R. (2008). Presence of nitrogen fixing 
Klebsiella pneumoniae in the gut of the Formosan subterranean termite 
(Coptotermes formosanus). Bioresource Technology, 99(8), 3297–3300.  
El-Mergawy, R., and Al-Ajlan, A. M. (2011). Red palm weevil, rhynchophorus 
ferrugineus (olivier): Economic importance, biology, biogeography and 
integrated pest management. Journal of Agriculture Science Technology, 1, 1–
23.  
Engel, P., and Moran, N. A. (2013). The gut microbiota of insects - diversity in structure 
and function. FEMS Microbiology Reviews, 37(5), 699–735.  
Enguita, F. J., Marçal, D., Martins, L. O., Grenha, R., Henriques, A. O., Lindley, P. F., 
and Carrondo, M. A. (2004). Substrate and dioxygen binding to the endospore 
coat laccase from Bacillus subtilis. Journal of Biological Chemistry, 279(22), 
23472–23476.  
Eriksson, K.-E. L., and Bermek, H. (2009). Lignin, Lignocellulose, Ligninase. 
Encyclopedia of Microbiology, 373–384.  
Ervin, G. N., and Holly, D. C. (2011). Examining Local Transferability of Predictive 
Species Distribution Models for Invasive Plants: An Example with Cogongrass 
(Imperata cylindrica). Invasive Plant Science and Management, 4(4), 390–401.  
Faizan, M. J., and Zainol, N. (2014). Comparison of anaerobic lignin degradation of 
banana stem waste using mixed culture from Malaysian soil and pure. Asian 
Journal of Microbiology, Biotechnology, and Environmental Sciences, 16(3), 
1-10. 
Feng, N. J., Zhai, H. M., and Lai, Y. Z. (2016). On the chemical aspects of the 
biodelignification of wheat straw with Pycnoporus sanguineus and its 
combined effects with the presence of Candida tropicalis. Industrial Crops and 
Products, 91, 315–322.  
Fernández-Fueyo, E., Ruiz-Dueñas, F. J., Martínez, M. J., Romero, A., Hammel, K. E., 
Medrano, F. J., and Martínez, A. T. (2014). Ligninolytic peroxidase genes in 














catalytic and stability properties, and lignin-degrading ability. Biotechnology 
for Biofuels, 7(1), 2.  
Gall, D. L., Ralph, J., Donohue, T. J., and Noguera, D. R. (2017). Biochemical 
transformation of lignin for deriving valued commodities from lignocellulose. 
Current Opinion in Biotechnology, 45, 120–126.  
Gassara, F., Brar, S. K., Tyagi, R. D., Verma, M., and Surampalli, R. Y. (2010). 
Screening of agro-industrial wastes to produce ligninolytic enzymes by 
Phanerochaete chrysosporium. Biochemical Engineering Journal, 49(3), 388–
394.  
Gavrilescu, M., and Chisti, Y. (2005). Biotechnology - A sustainable alternative for 
chemical industry. Biotechnology Advances, 23(7–8), 471–499.  
Geib, S. M., Filley, T. R., Hatcher, P. G., Hoover, K., Carlson, J. E., Jimenez-Gasco, M. 
D. M., Nakagawa-Izumi, A., Sleighter, R. L., and Tien, M. (2008). Lignin 
degradation in wood-feeding insects. Proceedings of the National Academy of 
Sciences of the United States of America, 105(35), 12932–12937. 
Ghorbani, F., Karimi, M., Biria, D., Kariminia, H. R., and Jeihanipour, A. (2015). 
Enhancement of Fungal Delignification of Rice Straw by Trichoderma viride 
sp. to Improve Its Saccharification. Elsevier B.V, 1 (1), 1-10. 
Godden, B., Ball, S., Helvenstein, P., Mccarthy, J., and Penninckx, M. J. (1992). 
Towards elucidation of the lignin degradation pathway in actinomycetes. 
Journal of General Microbiology, 138(11), 2441–2448.  
Górska, E. W. A. B., Jankiewicz, U., Dobrzy ski, J., and Ga ązka, A. (2014). Production 
of Ligninolytic Enzymes by Cultures of White Rot Fungi. Polish Journal of 
Microbiology, 63(4), 461–465. 
Gupta, V. K., Kubicek, C. P., Berrin, J., Wilson, D. W., Couturier, M., Berlin, A., Filho, 
E. X. F., and Ezeji, T. (2016). Fungal Enzymes for Bio-Products from 
Sustainable and Waste Biomass. Trends in Biochemical Sciences, 1–13 (1).  
Gutiérrez, A., Rodríguez, I. M., and Del Río, J. C. (2006). Chemical characterization of 
lignin and lipid fractions in industrial hemp bast fibers used for manufacturing 















Hänninen, T., Thygesen, A., Mehmood, S., Madsen, B., and Hughes, M. (2012). 
Mechanical processing of bast fibres: The occurrence of damage and its effect 
on fibre structure. Industrial Crops and Products, 39, 7–11.  
Haque, M. A., Barman, D. N., Kim, M. K., Yun, H. D., and Cho, K. M. (2016). Cogon 
grass (Imperata cylindrica), a potential biomass candidate for bioethanol: Cell 
wall structural changes enhancing hydrolysis in a mild alkali pretreatment 
regime. Journal of the Science of Food and Agriculture, 96(5), 1790–1797.  
Hariharan, S., and Nambisan, P. (2013b). Optimization of lignin peroxidase, manganese 
peroxidase and laccase production from ganoderma lucidun under solid state 
fermentation using pineapple leaf lignocellulosic substrate. BioResources, 250–
271. 
Harmsen, P., and Huijgen, W. (2010). Literature Review of Physical and Chemical 
Pretreatment Processes for Lignocellulosic Biomass, (September), 1–49. 
Heuzé V., Tran G., Baumont R., B. D. (2016). Alang-alang (Imperata cylindrica). 
Retrieved March 9, 2016, from http://www.feedipedia.org/node/425 
Hirai, H., Misumi, K., Suzuki, T., and Kawagishi, H. (2013). Improvement of 
manganese peroxidase production by the hyper lignin-degrading fungus 
phanerochaete sordida YK-624 by recombinant expression of the 5-
aminolevulinic acid synthase gene. Current Microbiology, 67(6), 708–711.  
Hoegger, P. J., Kilaru, S., James, T. Y., Thacker, J. R., and K??es, U. (2006). 
Phylogenetic comparison and classification of laccase and related multicopper 
oxidase protein sequences. FEBS Journal, 273(10), 2308–2326.  
Iqbal, H. M. N., Asgher, M., and Bhatti, H. N. (2011). Optimization of physical and 
nutritional factors for synthesis of lignin degrading enzymes by a novel strain 
of Trametes versicolor. BioResources, 6(2), 1273–1287. 
Isroi, Millati, R., Syamsiah, S., Niklasson, C., Cahyanto, M. N., Lundquist, K., and 
Taherzadeh, M. J. (2011). Biological pretreatment of lignocelluloses with 
white-rot fungi and its applications: A review, 6, 5224–5259. 
Jadhav, J. P., and Phugare, S. S. (2010). Rapid biodegradation and decolorization of 
Direct Orange 39 (Orange TGLL) by an isolated bacterium Pseudomonas 














Janusz, G., Kucharzyk, K. H., Pawlik, A., Staszczak, M., and Paszczynski, A. J. (2013a). 
Fungal laccase , manganese peroxidase and lignin peroxidase : Gene 
expression and regulation, Enzyme and Microbial Technology, 52, 1–12. 
Janusz, G., Kucharzyk, K. H., Pawlik, A., Staszczak, M., and Paszczynski, A. J. 
(2013b). Fungal laccase, manganese peroxidase and lignin peroxidase: Gene 
expression and regulation. Enzyme and Microbial Technology, 52(1), 1–12.  
Jha, H., and Patil, M. (2011). Biopulping of sugarcane bagasse using manganese 
peroxidase from Penicillium oxalicum isolate-1. Romanian Biotechnological 
Letters, 16(6), 6809–6819. 
Jia, S., Zhang, X., Zhang, G., Yin, A., Zhang, S., Li, F., Wang, L., Zhao, D., Yun, Q., 
Wang, J., Sun, G., Baadullah, M., Yu, G., Hu, S., Al-Mssallem, I.S., and Yu, J. 
(2013). Seasonally variable intestinal metagenomes of the red palm weevil 
(Rhynchophorus ferrugineus). Environmental Microbiology, 15(11), 3020–
3029.  
Jiang, F., Kongsaeree, P., Schilke, K., Lajoie, C., and Kelly, C. (2008). Effects of pH 
and temperature on recombinant manganese peroxidase production and 
stability. Applied Biochemistry and Biotechnology, 146(1–3), 15–27.  
Kaira, G. S., Dhakar, K., and Pandey, A. (2015a). A psychrotolerant strain of Serratia 
marcescens (MTCC 4822) produces laccase at wide temperature and pH range, 
1–8.  
Kaira, G. S., Dhakar, K., and Pandey, A. (2015b). A psychrotolerant strain of Serratia 
marcescens (MTCC 4822) produces laccase at wide temperature and pH range. 
AMB Express, 5(1), 1.  
Kalyani, D. C., Phugare, S. S., Shedbalkar, U. U., and Jadhav, J. P. (2011). Purification 
and characterization of a bacterial peroxidase from the isolated strain 
Pseudomonas sp . SUK1 and its application for textile dye decolorization, 483–
491.  
Kämpfer, P., Ruppel, S., and Remus, R. (2005). Enterobacter radicincitans sp. nov., a 
plant growth promoting species of the family Enterobacteriaceae. Systematic 














Kamsani, N., Salleh, M. M., Yahya, A., and Chong, C. S. (2016). Production of 
Lignocellulolytic Enzymes by Microorganisms Isolated from Bulbitermes sp. 
Termite Gut in Solid-State Fermentation. Waste and Biomass Valorization, 
7(2), 357–371.  
Kassim, A. S. M., Aripin, A. M., Ishak, N., Zainulabidin, M. H., and Abang Zaidel, D. 
N. F. (2016). Oil palm leaf fibre and its suitability for paper-based products. 
ARPN Journal of Engineering and Applied Sciences, 11(11), 7364–7369. 
Kassim, M.. A., Aripin, M. A., Ishak, N., and Zainulabidin, M. (2015). Cogon Grass as 
an Alternative Fibre for Pulp and Paper-Based Industry : On Chemical and 
Surface Morphological Properties. Applied Mechanics and Materials, 773–774, 
1242–1245.  
Kassim, S. A. M., Mohd Aripin, A., Ishak, N., Hairom, N. H. H., Razali, N. F., and 
Zainulabidin, M. H. (2016). Potential of cogon grass (Imperata cylindrica) as 
an alternative fibre in paper-based industry. Journal of Engineering and 
Applied Sciences, 11(4), 2681–2686. 
Kharayat, Y., and Thakur, I. S. (2012). Isolation of bacterial strain from sediment core of 
Pulp and Paper Mill industries for production and purification of lignin 
peroxidase (LiP) enzyme. Bioremediation Journal, 16(2), 125–130.  
Kheiralla, Z. H., El-Din, S. M. B., Malek, S. M. a, and Aziz, D. H. a. (2013). 
Optimization of cultural conditions for lignin peroxidase production by 
Phanerochaete chrysosporium and Pleurotus ostreatus. Academia Journal of 
Biotechnology, 1(6), 87–95.  
Khiyami, M., and Alyamani, E. (2008). Aerobic and facultative anaerobic bacteria from 
gut of red palm weevil ( Rhynchophorus ferrugineus ). African Jorunal of 
Biotechnology, 7(10), 1432–1437. 
Kim, J. Y., Park, J., Hwang, H., Kim, J. K., Song, I. K., and Choi, J. W. (2015). 
Catalytic depolymerization of lignin macromolecule to alkylated phenols over 
various metal catalysts in supercritical tert-butanol. Journal of Analytical and 
Applied Pyrolysis, 113, 99–106.  














Kirk, T. K., Croan, S., Tien, M., Murtagh, K. E., and Farrell, R. L. (1986). Production of 
multiple ligninases by Phanerochaete chrysosporium: effect of selected growth 
conditions and use of a mutant strain. Enzyme and Microbial Technology, 8(1), 
27–32.  
Kline, L. M., Hayes, D. G., Womac, A. R., and Labb, N. (2010). Simplified 
determination of lignin content in hard and soft woods via UV-
spectrophotometric analysis of biomass dissolved in ionic liquids. 
BioResources, 5(3), 1366–1383. 
Kne, A., Milovanovi, I., Staji, M., and Vukojevi, J. (2013). Potential of Trametes species 
to degrade lignin, International Biodeterioration and Biodegradation, 85, 52–
56.  
Knežević, A., Milovanović, I., Stajić, M., Lončar, N., Brčeski, I., Vukojević, J., and 
Ćilerdžić, J. (2013). Lignin degradation by selected fungal species. 
Bioresource Technology, 138, 117–123.  
Knežević, A., Milovanović, I., Stajić, M., and Vukojević, J. (2013). Potential of 
Trametes species to degrade lignin. International Biodeterioration and 
Biodegradation, 85, 52–56.  
Köhler, T., Dietrich, C., Scheffrahn, R. H., and Brune, A. (2012). High-resolution 
analysis of gut environment and bacterial microbiota reveals functional 
compartmentation of the gut in wood-feeding higher termites (Nasutitermes 
spp.). Applied and Environmental Microbiology, 78(13), 4691–4701.  
Kondo, R., Yamagami, H., and Sakai, K. (1993). Xylosylation of phenolic hydroxyl 
groups of the monomeric lignin model compounds 4-methylguaiacol and 
vanillyl alcohol by Coriolus versicolor. Applied and Environmental 
Microbiology, 59(2), 438–441. 
König, H. (2006). Bacillus species in the intestine of termites and other soil 
invertebrates. Journal of Applied Microbiology, 101(3), 620–627.  
Kosa, M., and Ragauskas, A. J. (2012). Bioconversion of lignin model compounds with 















Kramer, K. J., and Muthukrishnan, S. (1997). Mini-review: molecular biology and 
potential use as biopesticides. Insect Biochemical Molecular Biology, 27(11), 
887–900. 
Krishnan, M., Bharathiraja, C., Pandiarajan, J., Prasanna, V. A., Rajendhran, J., and 
Gunasekaran, P. (2014). Insect gut microbiome - An unexploited reserve for 
biotechnological application. Asian Pacific Journal of Tropical Biomedicine, 
4(Suppl 1), S16-21.  
Lange, H., Decina, S., and Crestini, C. (2013). Oxidative upgrade of lignin – Recent 
routes reviewed. European Polymer Journal, 49(6), 1151–1173.  
Lee, K. M., Kalyani, D., Tiwari, M. K., Kim, T. S., Dhiman, S. S., Lee, J. K., and Kim, 
I. W. (2012). Enhanced enzymatic hydrolysis of rice straw by removal of 
phenolic compounds using a novel laccase from yeast Yarrowia lipolytica. 
Bioresource Technology, 123, 636–645.  
Leisola, M. S. A., Thanei-Wyss, U., and Fiechter, A. (1985). Strategies for production of 
high ligninase activities by Phanerochaete chrysosporium. Journal of 
Biotechnology, 3(1–2), 97–107.  
Li, H., Lu, J., and Mo, J. (2012). Physiochemical lignocellulose modification by the 
formosan subterranean termite. BioResources, 7, 675–685. 
Li, J. (2011). Isolation of lignin from wood, 57. Retrieved from https://theseus17-
kk.lib.helsinki.fi/handle/10024/37903 on 18 Jun 2017. 
Li, J., Liu, C., Li, B., Yuan, H., Yang, J., and Zheng, B. (2012). Identification and 
molecular characterization of a novel DyP-type peroxidase from Pseudomonas 
aeruginosa PKE117. Applied Biochemistry and Biotechnology, 166(3), 774–
785.  
Loperena, L., Soria, V., Varela, H., Lupo, S., Bergalli, A., Guigou, M., Pellegrino, A., 
Bernado, A., Calviňo, A., Rivas, F., and Batista, S. (2012). Extracellular 
enzymes produced by microorganisms isolated from maritime Antarctica. 
World Journal of Microbiology and Biotechnology, 28(5), 2249–2256.  
Lourençon, T. V., Hansel, F. A., Da Silva, T. A., Ramos, L. P., De Muniz, G. I. B., and 














fractionation by simple sequential acid precipitation. Separation and 
Purification Technology, 154, 82–88.  
Lu, F., and Ralph, J. (2010). Lignin. Cereal Straw as a Resource for Sustainable 




Lv, Y., Chen, Y., Sun, S., and Hu, Y. (2014). Interaction among multiple 
microorganisms and effects of nitrogen and carbon supplementations on lignin 
degradation. Bioresource Technology, 155(281), 144–151.  
Madhavi, V., and Lele, S. S. (2009). Laccase: Properties and applications. BioResources, 
4(4), 1694–1717. 
Margot, J., Bennati-Granier, C., Maillard, J., Blánquez, P., Barry, D. A., and Holliger, C. 
(2013). Bacterial versus fungal laccase: potential for micropollutant 
degradation. AMB Express, 3(1), 63.  
Martínez, A. T. (2002). Molecular biology and structure-function of lignin-degrading 
heme peroxidases. Enzyme and Microbial Technology, 30(4), 425–444. 
Martínez, Á. T., Ruiz-Dueñas, F. J., Martínez, M. J., del Río, J. C., and Gutiérrez, A. 
(2009). Enzymatic delignification of plant cell wall: from nature to mill. 
Current Opinion in Biotechnology, 20(3), 348–357.  
Martins, T. M., Hartmann, D. O., Planchon, S., Martins, I., Renaut, J., and Silva Pereira, 
C. (2015). The old 3-oxoadipate pathway revisited: New insights in the 
catabolism of aromatics in the saprophytic fungus Aspergillus nidulans. Fungal 
Genetics and Biology, 74, 32–44.  
Mazza, G., Francardi, V., Simoni, S., Benvenuti, C., Cervo, R., Romeno, J., Federico, P. 
(2014). An overview on the natural enemies of Rhynchophorus palm weevils, 
with focus on R. ferrugineus. Biological Control, 77, 83–92.  
Miguel, N., and Santos, D. (2014). Influence of chemical and enzymatic treatments on a 
variety of wood pulps on their dissolution. HAL Institute. 
Mohd Suhaimi, N. S., Yap, K.-P., Ajam, N., and Thong, K.-L. (2014). Genome 
sequence of Kosakonia radicincitans UMEnt01/12, a bacterium associated 















Moldes, D. (2006). Optimum stability conditions of pH and temperature for ligninase 
and manganese-dependent peroxidase from Phanerochaete chrysosporium. 
Application to in vitro decolorization of Poly R-478 by MnP. World Journal of 
Microbiology and Biotechnology, 22(1), 607–612.  
Montagna, M., Chouaia, B., Mazza, G., Prosdocimi, E. M., Crotti, E., Mereghetti, V., 
Vacchini, V., Giorgi, A., Biase, A. D., Longo, S., Cervo, R., Lozzia, G. C., 
Alma, A., Bandi, C., and Daffonchio, D. (2015). Effects of the diet on the 
microbiota of the red palm weevil (Coleoptera: Dryophthoridae). PLoS ONE, 
10(1), 1–22.  
Mora-gómez, J., Elosegi, A., Duarte, S., Cássio, F., and Pascoal, C. (2016). Differences 
in the sensitivity of fungi and bacteria to season and invertebrates affect leaf 
litter decomposition in a Mediterranean stream. FEMS Microbiology Ecology 
Advance Access, 1–35. 
Morales, M., Mate, M. J., Romero, A., Martínez, M. J., Martínez, Á. T., and Ruiz-
Dueñas, F. J. (2012). Two oxidation sites for low redox potential substrates: a 
directed mutagenesis, kinetic, and crystallographic study on Pleurotus eryngii 
versatile peroxidase. The Journal of Biological Chemistry, 287(49), 41053–67.  
Moreira, P. R., Almeida-Vara, E., Malcata, F. X., and Duarte, J. C. (2007). Lignin 
transformation by a versatile peroxidase from a novel Bjerkandera sp. strain. 
International Biodeterioration and Biodegradation, 59(3 SPEC. ISS.), 234–
238.  
Morgenstern, I., Klopman, S., and Hibbett, D. S. (2008). Molecular evolution and 
diversity of lignin degrading heme peroxidases in the agaricomycetes. Journal 
of Molecular Evolution, 66(3), 243–257.  
Morii, H., Nakamiya, K., and Kinoshita, S. (1995). Isolation of a lignin-decolorizing 
bacterium. Journal of Fermentation and Bioengineering, 80(3), 296–299.  
Murphy, S., and Briscoe, B. (1999). The red palm weevil as an alien invasive: Biology 
and the prospects for biological control as a component of IPM. Biocontrol 
News and Information, 20(1), 35–46. 
Musial, I., Cibis, E., and Rymowicz, W. (2011). Designing a process of kaolin bleaching 














derived waste composed of glycerol and fatty acids. Applied Clay Science, 
52(3), 277–284.  
Mycroft, Z., Gomis, M., Mines, P., Law, P., and Bugg, T. D. H. (2015). Biocatalytic 
conversion of lignin to aromatic dicarboxylic acids in Rhodococcus jostii 
RHA1 by re-routing aromatic degradation pathways. Green Chemistry, 17(11), 
4974–4979.  
Nakashima, K., Watanabe, H., Saitoh, H., Tokuda, G., and Azuma, J. I. (2002). Dual 
cellulose-digesting system of the wood-feeding termite, Coptotermes 
formosanus Shiraki. Insect Biochemistry and Molecular Biology, 32(7), 777–
784. 
Nandal, P., Ravella, S. R., and Kuhad, R. C. (2013). Laccase production by Coriolopsis 
caperata RCK2011: optimization under solid state fermentation by Taguchi 
DOE methodology. Scientific Reports, 3, 1386.  
Ni, J., and Tokuda, G. (2013). Lignocellulose-degrading enzymes from termites and 
their symbiotic microbiota. Biotechnology Advances, 31(6), 838–50.  
Nichols, N. N., Sharma, L. N., Mowery, R. A., Chambliss, C. K., van Walsum, G. P., 
Dien, B. S., and Iten, L. B. (2008). Fungal metabolism of fermentation 
inhibitors present in corn stover dilute acid hydrolysate. Enzyme and Microbial 
Technology, 42(7), 624–630. 
Niladevi, K. N., Sukumaran, R. K., Jacob, N., Anisha, G. S., and Prema, P. (2009). 
Optimization of laccase production from a novel strain-Streptomyces 
psammoticus using response surface methodology. Microbiological Research, 
164(1), 105–113.  
Novaes, E., Kirst, M., Chiang, V., Winter-Sederoff, H., and Sederoff, R. (2010). Lignin 
and biomass: a negative correlation for wood formation and lignin content in 
trees. Plant Physiology, 154(2), 555–561.  
Ntwampe, S., Chowdhury, F., Sheldon, M., and Volschenk, H. (2010). Overview of 
parameters influencing biomass and bioreactor performance used for 
extracellular ligninase production from Phanerochaete chrysosporium. 














Obruca, S., Marova, I., Matouskova, P., Haronikova, A., and Lichnova, A. (2012). 
Production of lignocellulose-degrading enzymes employing Fusarium solani F-
552. Folia Microbiologica, 57(3), 221–227.  
Ogot, H. A., Boga, H. I., Budambula, N., Tsanuo, M., and Andika, D. O. (2013). 
Isolation , characterization and identification of Diazinon degrading bacteria 
from the soil and gut of macrotermes, Journal of Biodiversity and 
Environmental Science, 3(9), 70–79. 
Orata, F. (2012). Derivatization Reactions and Reagents for Gas Chromatography 
Analysis. Advanced Gas Chromatography. Progress in Agricultural, 
Biomedical and Industrial Applications, 5(1), 83 - 108. 
Oscar S nchez, R. S. and Alméciga-Díaz, C. J. (2011). Alternative Fuel. InTech. Viewed 
on 18 Jun 2017.  
Paliwal, R., Rawat, A. P., Rawat, M., and Rai, J. N. (2012). Bioligninolysis: Recent 
updates for biotechnological solution. Applied Biochemistry and 
Biotechnology, 167(7), 1865–1889.  
Pandey, M. P., and Kim, C. S. (2011). Lignin Depolymerization and Conversion: A 
Review of Thermochemical Methods. Chemical Engineering and Technology, 
34(1), 29–41.  
Parthasarathi, K., Ranganathan, L. S., Anandi, V., and Zeyer, J. (2007). Diversity of 
microflora in the gut and casts of tropical composting earthworms reared on 
different substrates. Journal of Environmental Biology, 28(1), 87–97. 
Patel, H., Gupte, A., and Gupte, S. (2009). Effect of different culture conditions and 
inducers on production of laccase by a basidiomycete fungal isolate. 
BioResources, 4(1), 268–284. 
Pepi, M., Cappelli, S., Hachicho, N., Perra, G., Renzi, M., Tarabelli, A., Altieri, R., 
Esposito, A., Focardi, S. E., and Heipieper, H. J. (2013). Klebsiella sp. strain 
C2A isolated from olive oil mill waste is able to tolerate and degrade tannic 
acid in very high concentrations. FEMS Microbiology Letters, 343(2), 105–
112.  
Perestelo, F. (1990). Biotransformation of kraft lignin fractions by Serratia Mercescens. 














Phutela, U. G., and Sahni, N. (2013). Microscopic Structural Changes in Paddy Straw 
Pretreated with Trichoderma reesei MTCC 164 and Coriolus versicolor MTCC 
138. Indian Journal of Microbiology, 53(2), 227–231.  
Podgwaite, J. D., D‟Amico, V., Zerillo, R. T., and Schoenfeldt, H. (2013). Bacteria 
Associated with Larvae and Adults of the Asian Longhorned Beetle 
(Coleoptera: Cerambycidae). Journal of Entomological Science, 48(July), 128–
138. 
Poulos, T. L., Edwards, S. L., Wariishi, H., and Gold, M. H. (1993). Crystallographic 
refinement of lignin peroxidase. Journal of Biological Chemistry, 268(6), 
4429–4440.  
Prabhakaran, M., Couger, M. B., Jackson, C. A., Weirick, T., and Fathepure, B. Z. 
(2015). Genome Sequences of the Lignin-Degrading Pseudomonas sp. Strain 
YS-1p and Rhizobium sp. Strain YS-1r Isolated from Decaying Wood. 
Genome Announcements, 3(2), e00019-15.  
Prenafeta-Boldu, X. F. Summerbell, R., and Sybren De Hoog, G. (2006). Fungi growing 
on aromatic hydrocarbons: Biotechnology‟s unexpected encounter with 
biohazard? FEMS Microbiology Reviews, 30(1), 109–130.  
Qu, Y., Shi, S., Ma, F., and Yan, B. (2010). Decolorization of Reactive Dark Blue K-R 
by the synergism of fungus and bacterium using response surface 
methodology. Bioresource Technology, 101(21), 8016–8023.  
Rabasco Alvarez, A. M., and González Rodríguez, M. L. (2000). Lipids in 
pharmaceutical and cosmetic preparations. Grasas Y Aceites, 51(1–2), 74–96.  
Rahman, N. H., Rahman, N. a, Aziz, S., and Hassan, M. A. (2013). Production of 
Lignolytic enzymes by newly isolated bavteria from palm oil plantation soils. 
BioResources, 8, 6136–6150. 
Rai, N., Yadav, M., and Yadav, H. S. (2016). Enzymatic Characterisation of Lignin 
Peroxidase from Luffa aegyptiaca Fruit Juice. American Journal of Plant 
Science, 649–656. 
Raikos, V. (2017). Natural Antioxidants for Food Applications: Challenges and Recent 














Raj, A., Chandra, R., Reddy, M. M. K., Purohit, H. J., and Kapley, A. (2006). 
Biodegradation of kraft lignin by a newly isolated bacterial strain, 
Aneurinibacillus aneurinilyticus from the sludge of a pulp paper mill. World 
Journal of Microbiology and Biotechnology, 23(6), 793–799.  
Ramírez, D. A., Muñoz, S. V., Atehortua, L., and Michel, F. C. (2010). Effects of 
different wavelengths of light on lignin peroxidase production by the white-rot 
fungi Phanerochaete chrysosporium grown in submerged cultures. Bioresource 
Technology, 101(23), 9213–9220.  
Ravi, K., García-Hidalgo, J., Gorwa-Grauslund, M. F., and Lidén, G. (2017). 
Conversion of lignin model compounds by Pseudomonas putida KT2440 and 
isolates from compost. Applied Microbiology and Biotechnology, 1–12.  
Riseh, N. S., and Ghadamyari, M. (2012). Biochemical characterization of α -amylases 
from gut and hemolymph of Rhynchophorus ferrugineus Olivieri (Col: 
Curculionidae ) and their inhibition by extracts from the legumes Vigna radiata 
L . and Phaseolus vulgaris. African Journal of Biotechnology , 38(1), 72–81. 
Riseh, N. S., Ghadamyari, M., and Motamediniya, B. (2008). Biochemical 
Characterisation of α- and β-Glucosidases and α- and β-Galactosidases from 
Red Palm Weevil, Rhynchophorus ferrugineus (Olivier) (Col.: Curculionide). 
African Journal of Biotechnology, 48(2), 85–93. 
Riseh, N. S., Ghadamyari, M., and Motamediniya, B. (2012). Biochemical 
Characterisation of a- and 13-Glucosidases and a- and 13-Galactosidases from 
Red Palm Weevil , Rhynchophorus ferrugineus ( Olivier ) ( Col .: Curculionide 
). Plant Protection Science, 48(2), 80–96. 
Rizzi, A., Crotti, E., Borruso, L., Jucker, C., Lupi, D., Colombo, M., and Daffonchio, D. 
(2013). Characterization of the bacterial community associated with larvae and 
adults of anoplophora chinensis collected in Italy by culture and culture-
independent methods. BioMed Research International, 1-11. 
Robbins, R. J. (2003). Phenolic acids in foods: An overview of analytical methodology. 














Robbins, R. J., and Bean, S. R. (2004). Development of a quantitative high-performance 
liquid chromatography-photodiode array detection measurement system for 
phenolic acids. Journal of Chromatography. 1038, 97–105.  
Rosnow, J. J., Anderson, L. N., Nair, R. N., Baker, E. S., and Wright, A. T. (2016). 
Profiling microbial lignocellulose degradation and utilization by emergent 
omics technologies. Critical Reviews in Biotechnology, 8551(July), 1–15.  
Ruiz-Dueñas, F. J., Morales, M., Pérez-Boada, M., Choinowski, T., Martínez, M. J., 
Piontek, K., and Martínez, Á. T. (2007). Manganese oxidation site in Pleurotus 
eryngii versatile peroxidase: A site-directed mutagenesis, kinetic, and 
crystallographic study. Biochemistry, 46(1), 66–77.  
Sahadevan, L., Misra, C., and Thankamani, V. (2013). Ligninolytic Enzymes for 
Application in Treatment of Effluent from Pulp and Paper Industries. Universal 
Journal of Environmental Research and Technology, 3(1), 14–26.  
Sain M, I. S. De. (2012). Ligninases Production and Partial Purification of Mnp from 
Brazilian Fungal Isolate in Submerged Fermentation. Fermentation 
Technology, 1(5), 1–7.  
Salvachúa, D., Karp, E. M., Nimlos, C. T., Vardon, D. R., and Beckham, G. T. (2015). 
Towards lignin consolidated bioprocessing: simultaneous lignin 
depolymerization and product generation by bacteria. Green Chemistry, 
17(11), 4951–4967.  
Sanchez, O., Sierra, R., and Alméciga-Díaz, C. (2011). Delignification Process of Agro-
Industrial Wastes an Alternative to Obtain Fermentable Carbohydrates for 
Producing Fuel. Alternative Fuel, 111–154.  
Santos, A., Mendes, S., Brissos, V., and Martins, L. O. (2014). New dye-decolorizing 
peroxidases from Bacillus subtilis and Pseudomonas putida MET94: Towards 
biotechnological applications. Applied Microbiology and Biotechnology, 98(5), 
2053–2065.  
Sauer, M., Marx, H., and Mattanovich, D. (2014). Towards production of short chain 
fatty acids and adipic acid in Escherichia coli. 36th Symposium on 
Biotechnology for Fuels and Chemicals. U.S. Department of Energy, 














Scharf, M. E., Karl, Z. J., Sethi, A., and Boucias, D. G. (2011a). Multiple levels of 
synergistic collaboration in termite lignocellulose digestion. PLoS ONE, 6(7), 
e21709.  
Scharf, M. E., Karl, Z. J., Sethi, A., and Boucias, D. G. (2011b). Multiple levels of 
synergistic collaboration in termite lignocellulose digestion. PLoS ONE, 6(7), 
1–7.  
Scully, E. D., Geib, S. M., Hoover, K., Tien, M., Tringe, S. G., Barry, K. W., Galvina 
del Rio, T., Chovatia, M., Herr, J. R., and Carlson, J. E. (2013). Metagenomic 
Profiling Reveals Lignocellulose Degrading System in a Microbial Community 
Associated with a Wood-Feeding Beetle. PLoS ONE, 8(9), e73827.  
Shi, W., Xie, S., Chen, X., Sun, S., Zhou, X., Liu, L., Gao, P., Kyrpides, N. C., No, E. 
G., and Yuan, J. S. (2013). Comparative Genomic Analysis of the 
Endosymbionts of Herbivorous Insects Reveals Eco-Environmental 
Adaptations: Biotechnology Applications. PLoS Genetics, 9(1).  
Shilling, G., Dozier, H., Gaffney, J. E., Mcdonald, S. K., Johnson, E. R. R. L., and 
Shilling, D. G. (2014). Weed Science Society of America Cogon grass in the 
United States : History , Ecology , Impacts , and Management ‟, 12(4), 737–
743. 
Shin, K., Oh, I., Kim, C., Shin, K., and Oh, I. (1997). Production and Purification of 
Remazol Brilliant Blue R Decolorizing Peroxidase from the Culture Filtrate of 
Pleurotus ostreatus . Production and Purification of Remazol Brilliant Blue R 
Decolorizing Peroxidase from the Culture Filtrate of Pleurotus ostre, 63(5), 
1744–1748. 
Shuit, S. H., Tan, K. T., Lee, K. T., and Kamaruddin, A. H. (2009). Oil palm biomass as 
a sustainable energy source: A Malaysian case study. Energy, 34(9), 1225–
1235.  
Silva, E. M., Martins, S. F., and Milagres, A. M. F. (2008). Extraction of manganese 
peroxidase produced by Lentinula edodes. Bioresource Technology, 99(7), 
2471–2475.  
Sindhu, R., Binod, P., and Pandey, A. (2015). Biological pretreatment of lignocellulosic 














Singh, R., Grigg, J. C., Armstrong, Z., Murphy, M. E. P., and Eltis, L. D. (2012). Distal 
heme pocket residues of B-type dye-decolorizing peroxidase: Arginine but not 
aspartate is essential for peroxidase activity. Journal of Biological Chemistry, 
287(13), 10623–10630.  
Singh, S. K., and Ekhe, J. D. (2015). Cu–Mo doped zeolite ZSM-5 catalyzed conversion 
of lignin to alkyl phenols with high selectivity. Catalytic Science Technology, 
5(4), 2117–2124.  
Singh, Y. P., Dhall, P., Mathur, R. M., Jain, R. K., Thakur, V. V., Kumar, V., and 
Kumar, A. (2011). Bioremediation of pulp and paper mill effluent by tannic 
acid degrading Enterobacter sp. Water, Air, and Soil Pollution, 218(1–4), 693–
701.  
Smith, A. C., and Hussey, M. A. (2016). Gram Stain Protocols. American Society for 
Microbiology. 
Subramaniyam, R., and Vimala, R. (2012). Solid State and Submerged Fermentation for 
the Production of Bioactive Substances : a Comparative Study. Intenational 
Journal of Science and Nature, 3(3), 480–486. 
Sugiura, T., Yamagishi, K., Kimura, T., Nishida, T., Kawagishi, H., and Hirai, H. 
(2009). Cloning and Homologous Expression of Novel Lignin Peroxidase 
Genes in the White-Rot Fungus Phanerochaete sordida YK-624. Bioscience, 
Biotechnology and Biochemistry, 73(8), 1793–1798.  
Sundaramoorthy, M., Kishi, K., Gold, M. H., and Poulos, T. L. (1994). Preliminary 
crystallographic analysis of manganese peroxidase from Phanerochaete 
chrysosporium. Journal of Molecular Biology, 238(1), 845-848. 
Sunitha, V. B., Reena, T., Harshini, S., and Sreekumar, S. (1999). Is gut pH regulated by 
midgut endocrine system in larvae of Rhynchophorus ferrugineus Fab.? Indian 
Journal of Experimental Biology, 37(5), 476–480. 
Szabó, L., Soria, A., Forsström, J., Keränen, J. T., and Hytönen, E. (2009). A world 
model of the pulp and paper industry: Demand, energy consumption and 















Tagliavia, M., Messina, E., Manachini, B., Cappello, S., and Quatrini, P. (2014). The gut 
microbiota of larvae of Rhynchophorus ferrugineus Oliver (Coleoptera: 
Curculionidae). BMC Microbiology, 14(1), 136.  
Tamura, K., Stecher, G., Peterson, D., Filipski, A., and Kumar, S. (2013). MEGA6: 
Molecular evolutionary genetics analysis version 6.0. Molecular Biology and 
Evolution, 30(12), 2725–2729.  
Tan, K. T., Lee, K. T., Mohamed, A. R., and Bhatia, S. (2009). Palm oil: Addressing 
issues and towards sustainable development. Renewable and Sustainable 
Energy Reviews, 13(2), 420–427.  
Taofiq, O., González-Paramás, A. M., Barreiro, M. F., Ferreira, I. C.., and McPhee, D. J. 
(2017). Hydroxycinnamic acids and their derivatives: Cosmeceutical 
significance, challenges and future perspectives, a review. Molecules, 22(2).  
Tartar, A., Wheeler, M. M., Zhou, X., Coy, M. R., Boucias, D. G., and Scharf, M. E. 
(2009). Parallel metatranscriptome analyses of host and symbiont gene 
expression in the gut of the termite Reticulitermes flavipes. Biotechnology for 
Biofuels, 2(i), 25.  
Tello, M., Corsini, G., Larrondo, L. F., Salas, L., Lobos, S., and Vicuña, R. (2000). 
Characterization of three new manganese peroxidase genes from the 
ligninolytic basidiomycete Ceriporiopsis subvermispora. Biochimica et 
Biophysica Acta (BBA) - Gene Structure and Expression, 1490(1–2), 137–144.  
Thakur, V. V., Jain, R. K., and Mathur, R. M. (2012). Studies on xylanase and laccase 
enzymatic prebleaching to reduce chlorine-based chemicals during CEH and 
ECF bleaching. BioResources, 7(2), 2220–2235. 
Tien, M., and Kirk, T. K. (1984). Lignin-degrading enzyme from Phanerochaete 
chrysosporium: Purification, characterization, and catalytic properties of a 
unique H(2)O(2)-requiring oxygenase. Proceedings of the National Academy 
of Sciences of the United States of America, 81(April), 2280–2284.  
Torres, E., and Ayala, M. (2010). Biocatalysis based on heme peroxidases: Peroxidases 
as potential industrial biocatalysts. Biocatalysis Based on Heme Peroxidases: 














Trupkin, S., Levin, L., Forchiassin, F., and Viale, A. (2003). Optimization of a culture 
medium for ligninolytic enzyme production and synthetic dye decolorization 
using response surface methodology. 2003, 30, 682–690. Journal of Indian 
Microbiology Biotechnology, 30(682–690). 
Tsai, W.-T., and Wen-Tien. (2016). Toxic Volatile Organic Compounds (VOCs) in the 
Atmospheric Environment: Regulatory Aspects and Monitoring in Japan and 
Korea. Environments, 3(3), 23.  
Tuncer, M., Kuru, A., Isikli, M., and Sahin, N. (2004). Optimization of extracellular 
endoxylanase , endoglucanase and peroxidase production by Streptomyces sp. 
F2621 isolated in Turkey. Journal of Applied Microbiology, 97(2) 783–791.  
Vaithanomsat, P., Chedchant, J., Kreetachat, T., and Kosugi, A. (2012). Improvement of 
lignin-degrading enzymes production from the white-rot fungus (Lentinus 
strigosus) and its application in synthetic dye removal. African Journal of 
Microbiology Research, 6(2), 137–148.  
Vatanparast, M., Hosseininaveh, V., Ghadamyari, M., and Sajjadian, S. M. (2014). Plant 
cell wall degrading enzymes, pectinase and cellulase, in the digestive system of 
the red palm weevil, Rhynchophorus ferrugineus (Coleoptera: Curculionidae). 
Plant Protection Science, 50(4), 190–198. 
Venkatadri, R., and Irvine, R. L. (1990). Effect of Agitation on Ligninase Activity and 
Ligninase Production by Phanerochaete chrysosporium. Applied and 
Environmental Microbiology, 56(9), 2684–2691. 
Verma, P., and Madamwar, D. (2003). Decolourization of synthetic dyes by a newly 
isolated strain of Serratia marcescens. World Journal of Microbiology and 
Biotechnology, 19(6), 615–618.  
Ververis, C., Georghiou, K., Christodoulakis, N., Santas, P., and Santas, R. (2004). Fiber 
dimensions, lignin and cellulose content of various plant materials and their 
suitability for paper production. Industrial Crops and Products, 19(3), 245–
254.  
Waggoner, D. C., Wozniak, A. S., Cory, R. M., and Hatcher, P. G. (2017). The role of 
reactive oxygen species in the degradation of lignin derived dissolved organic 














Waghmare, P. R., Kshirsagar, S. D., Saratale, R. G., Govindwar, S. P., and Saratale, G. 
D. (2014). Production and characterization of cellulolytic enzymes by isolated 
klebsiella sp. prw-1 using agricultural waste biomass. Emirates Journal of 
Food and Agriculture, 26(1), 44–59.  
Wang, C. L., Zhao, M., Li, D. Bin, Cui, D. Z., Yang, H. Y., Lu, L., and Wei, X. D. 
(2010). Isolation and Characterization of a Novel Bacillus subtilis WD23 
Exhibiting Laccase Activity from Forest Soil. Advanced Materials Research, 
9(34), 5496–5502.  
Wang, W., Kannan, P., Xue, J., and Kannan, K. (2016). Synthetic phenolic antioxidants, 
including butylated hydroxytoluene (BHT), in resin-based dental sealants. 
Environmental Research, 151, 339–343.  
Wang, Y., Liu, Q., Yan, L., Gao, Y., Wang, Y., and Wang, W. (2013a). A novel lignin 
degradation bacterial consortium for efficient pulping. Bioresource 
Technology, 139, 113–119.  
Wang, Y., Liu, Q., Yan, L., Gao, Y., Wang, Y., and Wang, W. (2013b). A novel lignin 
degradation bacterial consortium for efficient pulping. Bioresource 
Technology, 139, 113–119.  
Wariishi, H., and Gold, M. H. (1999). Manganese (I1) Oxidation by Manganese 
Peroxidase from the Basidiomycete Phanerochaete chrysosporium. The Journal 
of Biological Chemistry, (26), 23688–23695. 
Waung, D. W., and Chemistry, A. (2010). Optimizing Enzymatic Preparations of 
Mechanical Pulp through the Characterization of New Laccases and Non-
Productive Interactions between Enzymes and Lignin. Proteins, 1(2), 70-76. 
Wei, H., Tucker, M. P., Baker, J. O., Harris, M., Luo, Y., Xu, Q., and Ding, S.-Y. 
(2012). Tracking dynamics of plant biomass composting by changes in 
substrate structure, microbial community, and enzyme activity. Biotechnology 
for Biofuels, 5(1), 20.  
Wei, Z., Zeng, G., Huang, F., Kosa, M., Huang, D., and Ragauskas, A. J. (2015). 
Bioconversion of oxygen-pretreated Kraft lignin to microbial lipid with 















Welinder, K. G. (1992). Superfamily of plant, fungal and bacterial peroxidases. Current 
Opinion in Structural Biology, 2(3), 388–393.  
Witzel, K., Gwinn-Giglio, M., Nadendla, S., Shefchek, K., and Ruppel, S. (2012). 
Genome sequence of Enterobacter radicincitans DSM16656T, a plant growth-
promoting endophyte. Journal of Bacteriology, 194(19), 5469–5469.  
Wolfe, D. W., Ziska, L., Petzoldt, C., Seaman, A., Chase, L., and Hayhoe, K. (2008). 
Projected change in climate thresholds in the Northeastern U.S.: Implications 
for crops, pests, livestock, and farmers. Mitigation and Adaptation Strategies 
for Global Change, 13(5–6), 555–575.  
Wong, D. W. S. (2009). Structure and action mechanism of ligninolytic enzymes. 
Applied Biochemistry and Biotechnology,157(1), 174 - 209. 
Wong, Y. C., and Lim, S. Y. (2017). Production of bioethanol from cogon grass 
(Imperata cylindrical). Asian Journal of Chemistry, 29(1), 52–56. 
Woo, H. L., Ballor, N. R., Hazen, T. C., Fortney, J. L., Simmons, B., Davenport, K., and 
DeAngelis, K. M. (2014). Complete genome sequence of the lignin-degrading 
bacterium Klebsiella sp. strain BRL6-2. Standards in Genomic Sciences, 9(1), 
19.  
Wood Product Industry: Chemical Wood Pulping. (1990) (Vol. 90). U.S Environmental 
Protection Agency. 
Xie, S., Ragauskas, A. J., and Yuan, J. S. (2016). Lignin Conversion: Opportunities and 
Challenges for the Integrated Biorefinery. Industrial Biotechnology, 12(3), 
161–167. 
Xu, H., Scott, G. M., Jiang, F., and Kelly, C. (2010a). Recombinant manganese 
peroxidase (rMnP) from Pichia pastoris. Part 1: Kraft pulp delignification. 
Holzforschung, 64(2), 137–143.  
Xu, H., Scott, G. M., Jiang, F., and Kelly, C. (2010b). Recombinant manganese 
peroxidase (rMnP) from Pichia pastoris. Part 2: Application in TCF and ECF 
bleaching. Holzforschung, 64(2), 145–151.  
Yadav, S., and Chandra, R. (2015). Syntrophic co-culture of Bacillus subtilis and 
Klebsiella pneumonia for degradation of kraft lignin discharged from rayon 














Yadav, S., Chandra, R., and Rai, V. (2011). Characterization of potential MnP producing 
bacteria and its metabolic products during decolourisation of synthetic 
melanoidins due to biostimulatory effect of d -xylose at stationary phase. 
Process Biochemistry, 46(9), 1774–1784.  
Yin, A., Pan, L., Zhang, X., Wang, L., Yin, Y., Jia, S., and Yu, J. (2013). Transcriptomic 
study of the red palm weevil Rhynchophorus ferrugineus embryogenesis. 
Insect Science, 1–18.  
Yin, A., Pan, L., Zhang, X., Wang, L., Yin, Y., Jia, S., and Yu, J. (2015). Transcriptomic 
study of the red palm weevil Rhynchophorus ferrugineus embryogenesis. 
Insect Science, 22(1), 65–82.  
Yoshikata, T., Suzuki, K., Kamimura, N., Namiki, M., Hishiyama, S., Araki, T., and 
Masai, E. (2014). Three-component O-demethylase system essential for 
catabolism of a lignin-derived biphenyl compound in Sphingobium sp. strain 
SYK-6. Applied and Environmental Microbiology, 80(23), 7142–7153.  
Yu, Z., Jameel, H., Chang, H. min, and Park, S. (2011). The effect of delignification of 
forest biomass on enzymatic hydrolysis. Bioresource Technology, 102(19), 
9083–9089.  
Zha, Y., and Punt, P. J. (2013). Exometabolomics approaches in studying the application 
of lignocellulosic biomass as fermentation feedstock. Metabolites, 3(1), 119–
43.  
Zhang, J., Chen, Y., and Brook, M. A. (2014). Reductive degradation of lignin and 
model compounds by hydrosilanes. ACS Sustainable Chemistry and 
Engineering, 2(8), 1983–1991.  
Zhang, Y. M., Peng, Y., Yin, X. L., Liu, Z. H., and Li, G. (2014). Degradation of lignin 
to BHT by electrochemical catalysis on Pb/PbO2 anode in alkaline solution. 
Journal of Chemical Technology and Biotechnology, 89(12), 1954–1960.  
Zucca, P., Rescigno, A., Rinaldi, A. C., and Sanjust, E. (2014). Biomimetic 
metalloporphines and metalloporphyrins as potential tools for delignification: 
Molecular mechanisms and application perspectives. Journal of Molecular 
Catalysis A: Chemical, 388–389, 2–34.  
 
PTTA
PERP
UST
AKA
AN 
TUN
KU T
UN
AMI
NAH
